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B&P File No. 6580- 164/MG 
Title: A marker specific for Escherichia coli serotypes 0157:H7; Ol57:NM 
and 055:H7 

FiEiPpy the immnon 

5 This invention relates to a novels DN A marker specific for E . 

coli serotypes 0157:H7, 0157:NM and 055:H7 and the use of the^marker in 
developing assays to detect these serotypes of E. coli in a sample. 
BACKGROUND OF THE INVENTION 

E. coli 0157:H7 is a food-borne human pathogen causing a 
10 spectrum of diseases including diarrhea, hemorrhagic colitis (HC) and 
hemolytic uremic syndrome (HUS). Development of nucleic-based assays 
\k% for rapid detection of E. coli 0157:H7 has been challenging due to a lack of 

^ specific DNA markers for this organism. The reported DNA markers for E. 

c °l>i 0157:H7 have one or more of the following limitations or drawbacks: 

Hi 

HI 15 being nonspecific, so that multiplex PGR assays need 4o be^ksed; and 

P containing only one b ase • ..-.p air • ; mutatipn>^ixi^tuig^- its ^sejpin . assay 

in development. Consequently, there is a need in the art to provide novel 

§1 

^ markers for E* coliQ157:H7 and related serotypes. 

*! summary of mrnvwrnm^ 

gQ The present inventors have prepared a novel marker specific 

for E. coli®er0t5Tpe^43I57:H7t 0157;NM*and ^05Sff^ > : V: lti#€)NA--8equence of 
the marker Las a total of 1583 nucleotides and has no significant homology 
to any known DNA sequences. Accordingly, in one aspect, the present 
invention provides an isolated nucleic acid sequence having the sequence 

25 shown in Figure 1 or a diagnostic fragment thereof. 

The marker of the invention can be used to develop probes or 
primers that can be used to detect £. coli serotypes 0157:H7; 0157:NM and 
055:H7 in a sample. In particular, the marker has been demonstrated to be 
useful in designing primers for PGR assays for^specific detection of the £. 

30 coli serotypes. As the specific DNA sequences of this invention are not 
homologous to previously known sequences/* various specific PGR assays 
can be developed with only one primer pair. In addition, other nucleic 



acid-based assays such as DNA chip or biosensor assays can also be 
developed without the restriction in using a very limited region of a 
marker. The invention can be used by biotechnology companies and by 
central and diagnostic laboratories who are interested in developing 
nucleic acid based assays. 

Other features and advantages of the present invention will 
become apparent from the following detailed description. It should be 
understood, however, that the detailed description and the specific 
examples while indicating preferred embodiments of the invention are 
given by way of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become apparent to those 
skilled in the art from this detailed description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in relation to the 
drawings in which: 

Figure 1 shows the nucleotide sequence of the 1583 bp marker 
of the invention. 

Figure 2 shows the nucleotide sequence of a 360 bp fragment 
of the marker. 

Figure 3 is a gel electrophoresis of PCR products amplified 
using the PCR assay from DNA preparations of representative E. coli 
serotypes: lanes 1, 2, 0157:H7; lanes 3, 4, 0157:NM; lanes 5-9, 0145:NM; 
lanes 10, 11, 055:H7; lane 12, 026:H11; lane M, 100 bp DNA ladder. 
DETAILED DESCRIPTION OF THE INVENTION 
I. MARKER 

As hereinbefore mentioned, the present inventors have 
prepared * novel DNA marker specific for E. coli serotypes 0157:H7, 
0157:NM and 055:H7. 

The marker was identified and isolated using a relatively new 
marker technology, fluorescent amplified fragment length polymorphism 
(FAFLP) and DNA sequencing. The DNA sequence of the marker has a 
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total of 1583 nucleotides and has no significant homology to any known 
DNA sequences. 

Accordingly, in one aspect, the present invention provides an 
isolate^ t ^ucleiG^id molecule havin^$fcie .se^enw^hown^^igiip K 4 /; or a 
5 diagnostic fragment thereof* 

The term "isolated" refers ^o a nucleic acid molecule 
substantially free of cellular material or cultui?e medium when ;produ«Ged 
by recombinant DNA techniques or chemical precursors when chemically 
synthesized. 

10 The term "diagnostic fragment" means any fragment of the 

marker shown in Figure 1 that is useful in a diagnostic assay to detect E. 
fP coli serotypes 0157:H7; 0157:NM and 055:H7. The diagnostic fragment 

y includes fragments that can be used as primers in PCR assays and 

liy fragments that can be used as probes in detection assays. The diagnostic 

|J 15 fragments *jf the invention will not cross «reac& with bacteria ^theirfiatyE. 

T coli serc*0^^15^ 

M The invention ^^lso:;sincWde^(l )*" ^ : ;$e4i|ence^that are 

j£ complimentary $0 the sequence ^ho%n v m Jigige^OT a dia^pygp^^agment 

iQ ihermf ^d^2Y%equem&$ thSt hyhttdil&jl® the^quence shown in Figute 1 

^ 20 or a diagnostic fragment thereof. Such sequences aresyalsoaiseiul in 

developing diagnostic assays to detect E. coli*^ 

and 055:H7. 

IL USES OF THE MARKER 

As previously mentioned, the isolation of the novel marker 
25 for E. coli serotypes 0157:H7; 0157:NM and OS5:H7 allows the 
development of diagnostic assays that can be used to detect the serotypes in 
a sample. The sample can be any sample, including but not limited to, 
clinical, food and environmental samples, 
(a) Pmneys 

30 The present invention includes the preparation of nucleic 

acid primers based on the sequence of the marker shown in Figure 1. 
Accordingly A acid 
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primer having a sequence that is complimentary to a portion of a nucleic 
acid sequence shown in Figure 1. 

In one embodiment, the primer has the sequence shown in 

Table 3. 

5 Using the primers illustrated in Table 3 in a PCR assay, the 

inventors have demonstrated that these primers are specific for the E. coli 
serotypes 0157:H7; 0157:NM and 055:H7 but are not specific for 119 other 
E. coH strains belonging to 60 serotypes and 59 isolates belonging to 44 non- 
K coli species (see Example 1). 
10 Accordingly, the present invention provides a method of 

detecting the presence or absence of E. coli serotypes 0157:H7; 0157:NM 
fj and OS5:H7 in a sample comprising (a) isolating DNA from the sample; (b) 

|U amplifying the isolated DNA with a primer of the invention and assaying 

% for amplified sequences, wherein the presence of an amplified sequence 

iiy 15 indicates that the sample contains one of E. coli serotypes 0157:H7; 

|p 0157:NM and 055:H7. 



m 



The DNA sequences are preferably amplified in step (b) using 
a Polymerase Chain Reaction (PCR). 

The conditions which may be employed in the methods of 

20 the invention using PCR are those which permit hybridization and 
amplification reactions to proceed in the presence of DNA in a sample and 
appropriate complementary hybridization primers. Conditions suitable 
for the polymerase chain reaction are generally known in the art. For 
example, see M.A. Innis and D.H. Gelfand, PCR Protocols, A guide to 

25 Methods and Applications M.A. Innis, D.H. Gelfand, JJ. Sninsky and TJ. 
White eds, pp3-12, Academic Press 1989, which is incorporated herein by 
reference. Preferably, the PCR utilizes polymerase obtained from the 
thermophilic bacterium Thermus aquatics (Taq polymerase, GeneAmp 
Kit, Perkin Elmer Cetus) or other thermostable polymerase may be used to 

30 amplify DNA template strands. 

The primers may be labelled with detectable markers which 
allow for detection of the amplified products. Suitable detectable markers 
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are radioactive markers such as P-32, S-35, M25, and H-3, luminescent 
markers such as chemiluminescent markers, preferably luminol, and 
fluorescent markers, preferably dansyl chloride, fluorcein-5-isothiocyanate, 
and 4-fluor^7-nitrobm%2^x«NJl # 3 diafcole/ enzyme ^mauJeers^ such as 
5 horseradish peroxidase, alkaline phosphatase; fi-gajactosidase, 
acetylcholinesterase/ or biotin. 

It will be appreciated that techniques other than FCR such as 
the Ligase Chain Reaction (LCR) and NASBA may be used to amplify a 
nucleic acid molecule of the invention (Barney in "PCR Methods and 
10 Applications", August 1991, Vol.l(l), page 5, and European Published 
Application No. 0320308, published June 14, 1989, and U.S. Serial No. 
5,130,238 to Malek). 
(b) Probes 

The present invention also includes the preparation of 
15 nucleic acid probes based on the sequence of the ^marker shownin Figure 1. 
Accordingly/ the present invention provides an isolated:|$uc^^ 
having $ portion of & s^^e.s^^ 

coli serotypes OlSCTJfOlS^fKI and 055^ma sample,^ 
20 Accordingly, the present invention also relates to a method of 

detecting the presem&e^of a nucleie acid molecule assoeiated^with E. coli 
serotypes 0157:H7; 0157:NM and OS5:H7 in a sample comprising 
(a) contacting the sample under hybridization conditions with one or 
more of nucleotide probes which hybridize to the nucleic acid molecules 
25 and are labelled with a detectable marker, and (b) determining if there is 
hybridization between the nucleic acid molecules in the sample and the 
nucleotide probes wherein the presence of hybridization indicates that the 
sample contains one of E. coli serotypes 0157:H7; 0157:NM and 055:H7. 

Hybridization conditions which may be used «in me^methods 
30 of the invention are known in the art and are described for example in 
Sambrook J, Fritch EF, Maniatis T. In: Molecular Cloning^A Laboratory 
Manual>1989; (Nolan C, Ed-), Cold Spring ^ 
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Spring Harbor, NY. The hybridization product may be assayed using 
techniques known in the art. The nucleotide probe may be labelled with a 
detectable marker and the hybridization product may be assayed by 
detecting the detectable marker or a detectable change produced by the 
5 detectable marker. 

The following non-limiting examples are illustrative of the 
present invention: 

EXAMPLES 

Example 1 

10 AFLP marker identification 

The marker was initially identified as a 360 bp fluorescent 
fragment (Figure 2) using the FAFLP method (Vos et ah, 1995. Neucleic 
Acids Research, Vol. 23, pp. 4407-4414). The FAFLP analysis was performed 
by the selective amplification of restriction fragments from a digest of total 

15 genomic DNA with restriction enzymes EcoR I and Mse L The DNA 
sequences of the selective primer pair that produced the polymorphic 
marker are as shown in Table 1. Among 163 E. coli strains tested that 
belonged to 40 serotypes (Table 2), only serotypes 0157:117, 0157:NM, 
0145:NM and 055:H7 contained the 360 bp fragment. 

20 DNA sequencing 

The target fragment was directly isolated from the AFLP gel 
using ABI 3^7 automated DNA Sequencer and re-amplified by polymerase 
chain reaction (PCR), and then sequenced. The DNA sequence of the 360 
bp fragment is shown in Figure 2. A 1223 bp downstream region 

25 continued from the AFLP fragment was further sequenced using a single 
primer walking method with strains of E. coli serotypes 0157:H7, 
0157:NM, C55:H7 and 0145:NM. Tour mutations (C-T, A-G, T-A and G-A) 
in the region were identified in the strain of serotype 0145:NM. The 
complete sequence of the 1583 bp fragment is shown in Figure 1. The 

30 result of BLAST search showed that the DNA sequences of the 1583 bp 
fragment had no significant homology to 400 sequences of the E. coli 
genome and 400,635 known sequences in the GenBank, EMBL, DDBJ, PDB 
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DNA databases. The DNA sequences of the 1583 bp fragment were also 
analyzed by a software program, GeneWorks 2,5; a potential open reading 
frame (ORF) was identified within the sequences of 1043 - 90 nt. 
Marker application 

5 The DNA fragment has been useful as * a -marker in 

developing a PCR assay for specific detection of E. coli serotypes 0157:H7> 
0157:NM and 055:H7. The DNA sequences of the primers^se^in the PCR 
assay are provided in Table 3. Primer 0157-F contains one mismatch to 
the sequences of 0157:H7/0157:NM for eliminating possible cross reaction 

10 from the sequences of G145:NM. The primer pair results in a 560 bp PCR 
product under the following conditions. An amplification reaction 
mixture (20 \LL) contained lOmM Tris-HCl and 50 mM Kcl (pH 8.3), 1.2 mM 
MgCL>, 200 \iU each of dATP, dCTP, dGTP and dTTP, 0.4 pmol/jiL each of 
the primers, 0.5 unit of Taq DNA polymerase (Perkin^Elmer) and S ul of 

15 TybhM temj^^ 

Sy$tm$&^^ $4^C for 3 

ird!C$&5r1£^ at 
60 o C*for^a®«fe€^^ 

min^pCR ftt^^ 1,6%" agarose ^el^ftp^taining 

20 with^thidMm bromide 

Thte**sped#cHyMof the primers and the PGR assay has been 
evaluated with a total of 119 E. coli strains belonging to 60 serotypes (Table 
4) and 59 isolates belonging to 44 non-E. coli species (Table 5). The 560 bp 
specific PCR product appeared only with strains of serotypes 0157:157, 

25 0157:NM and 055:H7 (Figure 3) but not the strains of the other sere *ypes 
of E. coli or other bacterial strains tested. The PCR assay can be used for the 
detection of Exoli 0157:H7 in food, clinical and environmental samples. 

While the present invention has been described with 
reference <£o what are presently considered^o be the preferred examples, it 

30 is to be understood that the invention- is not limited to the disclosed 
examples^ To ^ is interide^to^30v©i^various 



modifications and equivalent arrangements included within the spirit and 
scope of the appended claims. 

All publications, patents and patent applications are herein 
incorporated by reference in their entirety to the same extent as if each 
individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 



Table 1 

DNA sequences of the selective primers that produced the AFLF marker 



Primer Oligonucleotide ^equeipese 

EcoRKZ 5-GA®F@C<3TAGGAA , ^TCC-3 , 
Msel-G 5-GA^ACnOZTGA(3I^©a' 
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Table 2 

E. coli strains screened for the presence 
of the 0157:H7 marker in AFLP analysis 

Serotype No. of strains Serotype No. of strains Serotype No. of strains 



0?:H7 


1 


091:H21 


5 


0139:K82 


1 


0?:H8 


1 


091:NM 


2 


0145:NM 


2 




A 
'x 




1 




o 


07:H4 


4 


O103:H2 


24 


0153:H31 


1 


08:H19 


1 


OH1-.H8 


1 


0156:H7 


1 


022:H8 


5 


OHl:NM 


5 


0156:NM 


1 


026:H11 


6 


OH3:H4 


1 


0157:H7 


56 


039:H49 


1 


OH3:H21 


2 


0157:H19 


1 


046:H38 


1 


OH5:H8 


1 


0157:H25 


1 


055:H7 


3 


OH8:H16 


1 


0157:NM 


2 


076:H25 


1 


0121:H7 


1 


0163M19 


1 


O80:NM 


3 


0127:H6 


1 


0163:NM 


1 


088-.H25 


1 


0128:B12 


1 






091:H14 


3 


0132:NM 


11 
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Table3 

DNA sequences of the primers specific for 
E. coli 0157:H7, 0157:NM and OB5:H7 



Primer Oligonucleotide sequence . Location witiiin^the 

marker seq&^nee 

0157-F (22-mer) S'^X^GTTTAATCGCTTGTTXTtnCT^ 596- 618 

Q157-R (19-mer) 5-ATGCCATTAAACCGGTGGC~3 r 1136-1155 
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Table4 

E, coli strains tested for the presence of the 
0157:H7 marker in the PCR assay 



Serotype 


No. of strains 


Serotype 


No. of strains 


Serotype No. of strains 


0?:H2 


1 


055:H7 


6 


0126:H8 


1 


0?:H7 


1 


076:H25 


1 


0127:H6 


1 


0?:H8 


1 


O80:NM 


2 


0128:B12 


1 


0?:H19 


1 


084:H2 


1 


0132:NM 


2 


0?:H21 


1 


088:H25 


1 


0136:H16 


1 


02:H29 


1 


091:H14 


3 


0139:K82 


1 


OS:NM 


2 


091:H21 


3 


0142:H38 


1 


07:H4 


2 


091:NM 


2 


0145:NM 


5 


08:H? 


1 


098:NM 


1 




■3 
O 


\Jo.r\y 


X 


yJluoitlZ 


o 


0153:H31 


1 


08:H19 


3 


OHl:H8 


2 


0153:NM 


1 


015:H27 


1 


OHl:NM 


5 


0156:H7 


1 


015:NM 


1 


OH3:H4 


1 


0156:NM 




022:H8 


2 


OH3:H21 


2 


0157:H7 


15 


026:H11 


5 


OH5:H8 


1 


0157:H19 


1 


026:NM 


1 


OH6:H21 


1 


0157:H25 


2 


038:H21 


1 


0118H16 


1 


0157:NM 


6 


039:H49 


1 


0121:H6 


1 


0163:H19 


1 


045:H2 


1 


0121:H7 


2 


0163:NM 


2 


046:H38 


1 


0121:H19 


1 


0165:NM 


I 



-13- 



Table 5 

Non-E. coli species tested for the presence 
of the 0157:H7 marker in the PCR assay 



Specie* ' No. of isolate -« 



Acinetobacter calcoaceticus v 1 

Aeromonus hydrophila 2 

Bacillus cereus 2 

Bacillus circuluris 1 

Bacillus parabrevis 1 

Bacillus subtilis 1 

Citrobacter diversus 1 

citrobacter freudii 1 

Campylobacter 2 

Campylobacter coli 2 

Campylobacter jejuni 1 

Canadida albicus 1 

Enterobacter cloacae 1 

Enterobacter amnigenus 1 

Enterococcus fecalis 2 

Edwardsiella tarda 1 

Kluyviera^c^^ata^ft 1 

Listeria monocytogenes > - 1 
Listeria ivaroyii 
Lactobacillus%rev1s 
Lactobacillus planteipm , 
MoraxeHa^sloensis -m 

Proteus mirabilis 
Pseudomorai&^ruginosa 
Salomonella ttyprumurium 4 

Salmonella Keidelb^tg 1 

Salmonella thompson 1 

Salmonella newport 1 

Salmolella hadar 2 

Salmonella irtfantis 2 

Salmonella schwarzengrund 2 

Salmonella choleraesuis var.kunzendorf 2 

Shigella fiercer! 1 

Shigella sonnei 1 

Straphylococcus aureus 4 

Staphylococcus epidermidis 1 

Straphylococcus haemolyticus 1 

Straphylococcus lugdenersis 1 

Straphylococcus intermedium 1 

Streptococcus pyogenes ^ 1 

Streptococcus bovis 1 

Xanthomonas malitophilia 1 

Yersinia enteroeolitica 1 
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We Claim: 

1. An isolated nucleic acid molecule having the sequence 
shown in Figure 1 or a diagnostic fragment thereof. 

2. An isolated nucleic acid molecule having (1) a sequence that 
5 is complimentary to the sequence claimed in claim 1 or (2) a sequence that 

hybridizes to a sequence claimed in claim 1. 

3. An isolated nucleic a< . \i primer having a sequence that is 
complimentary to a portion of a nucleic acid sequence claimed in claim 1. 

4. A nucleic acid primer according to claim 3 wherein the 
10 primer has the sequence (a) 5 , -CGGTTTAATGGCTTGTTGTGCT-3 , or (b) 

5~ATGCCATTAAACCGGTGGC-3\ 

5. An isolated nucleotide probe having a portion of a sequence 
claimed in claim 1. 

6. A method of detecting the presence or absence of E. coli 
15 serotypes 0157:H7; 0157:NM and D55:H7 in a sample comprising (a) 

isolating DNA from the sample; (b) amplifying the isolated DNA with a 
primer as claimed in claim 3 and (c) assaying for amplified sequences, 
wherein the presence of an amplified sequence indicates that the sample 
contains one of E. coli serotypes 0157:H7; 0157:NM and 055:H7. 

20 7. A method according to claim 6 wherein the primer is 

according to claim 4. 

8. A method according to claim 6 wherein the DNA sequences 

are amplified in step (b) using a Polymerase Chain Reaction. 
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9. A method of detecting the presence of a nucleic acid molecule 

associated with E. coli serotypes 0157:H7; 0157:NM and 055:H7 in a 
sample comprising (a) contacting the sample under hybridization 
conditions with one or mose of nucleotides^ the^ 
5 nucleic acid molecules and are labelled with a detectable-marker, and (b) 
determining if there ds h)rbridization betweerrihe nucleiemcid molecules i 
in the fesampie and* the -nucleotide wprobes^ wherein^he^presence ^of 
hybridization indicates that the sample contains one of E. coli serotypes 
0157:H7; 0157:NM and OS5:H7. 

10 10. A method according to claim 9 wherein the nucleotide probe 

is according to claim 5. 
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BP File No. 6580-164/MG 

ABSTRACT OF THE DISCLOSURE 
A novel DNA marker specific for E. coli serotypes 0157:H7; 
0157:NM and 055:H7 is disclosed. The isolation of the marker allows the 
development of diagnostic assays that can be used to detect the serotypes in 
the sample. In particular, the marker can be used to prepare nucleic acid 
primers and nucleotide probes based on the sequence of the marker. 
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FIGURE 1 

DNA sequence of the 1583 bp fragment 

CTGCACGTTT TTTTGCTGTG CCTTTGGGAT CCGCGCGAAT GCGCCCAGAA 50 

AAQG^TGA<^ AAGrGQGM:Q^ 100 - 

5 CX;GAQ^^1^GC^ 150 ^ 

C^C^QIIiQ^ 200^ 

TCGC2CATTTT TCIK3 ATGGGC AGGCGAGATC GGCTTCCGCl^ ATAATITCAO^ 250 

CTTCATCATT TTGCAATTCG TAGCCGAGAG TCGGCGCAGA GAGAGAATGA 300 r 

GACTGAAGCA ACGCGATCTC TTCAGCGCTT AATAAGCCAA ACTCAATAAT 350 

10 CTCAGCCCAA CTCTCATCAG TCTCTGGTAC TGCCTCTGGC GTTGCCGAAA 400 

CTTTAGTGTC AACGCTTTCC TGCGGTAAAT GCACGGCTTT ACGGCTGGTA 450 

AAGGTCATAT CCGGCAGGAA CTGTAACAGG TTTACCAGTC GCCAGAAGCC 500 

|j ATTGAGTCCC GCTTCATAAC CGTCATCCTG CGTATAGCGA TCGTCAAAAC 550 

l t: AGATATGCAA ACGCAGCCAG CTGCGCATTT GTGCGACGCT GGTCGTCGGT 600 

ST 

|y 15 TTAATGGCTT GITGTGGTAA CACGGAAGCC AGCTCAATAA ATTGCTGCGA 650 

*j TGAGTTACAG CTATCGAGTA AACCACCAAA GAC AAACGGT TCGTCTGGCA 700 , , 

jjp AAAGCICTGGT^ 750 

ip 20 IvGA^CKP^ 900#* 

^ GAOqO^PCAA 0«^^ 950 75 

jg AGCJCOTl^ 1000,. i 

^ GTOAAG€»TGC3CnriT^ 1050 

AAWAG€GCT ATCCCGAATC GCCTGGCGTT TTTGGAGATC CTCTGCQA<:G 1100 

25 CTATTTTTGT GGAACGCAAA GCCATCAAGG AAAATAGCCA CCGGTTTAAT 1150 

GGCATCAGAC TGCATAAGCG GATATAGGAG GTAATCCGGG CGACAAGGGA 1200 

TCCCCACCGC CTCTTTAGCG CCTAAATCCA CCTGAGCTTT AAGATGCCAG 1250 

CTCATCATCG GTTCGCTGCG GGTGTTAATA ATCCACCCAG CGCCCTGATG 1300 

CGCGTAACTG GGACTGACAA TCAGGTTTTT ATTTTCTTGC AGGCAGCTAA 1350 

30 TAAACCGTTT TTCCAGCTCA CTGCCCATCA TGGCTTCGAG GGAAATGTTT 1400 

TIGATGGAAT CAATTACCCG TATCG AATCT CTTGCCTGC A AAATTTTCGC 1450 

CAGCAAGAGA CGCGCCTGAT CGCGGGAGAC ATACTTCATG CGCCCACGGT 1500 

CACGGTAA^Cn7*AA«^<^^ 1550 

TTGCAACfGCATTCCACTAT TGCCTGATAG GCC 1583 




FIGURE 2 

DNA sequence of the 360 bp AFLP marker 

CTGCACCTTT TTTTGCTGTG CCTTTGGGAT CCGCGCGAAT GCGCCCAGAA 50 

5 AACCATCAGA AAGTGCCACC TTGGGCGT1T GCACCGTCAT TTGTCACCTC 100 

CGG ACAGATG TTGCAATGTA TTTTCGTCAA TTGGCCCGAA TGCAACGTGC 150 

CAACCCCTGG TTGTGAATAA TGGAATAAAT TCTTGATTAT CAATAATCAA 200 

TGCCCATTTT TGTGATGGCC AGGCGAGATC GGCTTCCGCA ATAATTTCAC 250 

CTTCATCATT TTGCAATTCG TAGCCGAGAG TCGGCGCAGA G AGAG AATGA 300 

10 GACTGAAGCA ACGCGATCTC TTCAGCGCTT AATAAGCCAA ACTCAATAAT 350 

CTCAGCCCAA 360 
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